ABSTRACT: concentrations of 10 metals (ca, cd, co, Cu, Fe, Mg, Mn, Pb, V and Zn) were determined in liver and kidney tissues of dunlin Calidris alpina (n: 70) and curlew sandpiper Calidns ferruginea (n : 28). Element associations are reported. Significant linear correlations were found between renal and hepatic concentrations of cadmium, copper, magnesium, and manganese. Copper showed an agerelated concentration decrease, whereas cadmium concentration increased with age. Mean biological half-life of renal cadmium in dunlin is estimated at about 1 yr (with an implied maximum of 2.5 yr). The potential of cadmium as a future environmental hazard to aquatic birds is discussed.
INTRODUCTION
Two characteristic biological features of estuarine and muddy intertidal areas are high primary production (Woodwell et al. 1973 ) and high zoobenthic production (Wolff 1983) . A considerable proportion of the intertidal zoobenthic production may be consumed by shorebirds (Baird et al. 1985) . Levels of certain hearry metals in the sediment and its invertebrate fauna in these coastal environments are often elevated, naturally or through anthropogenic contamination (Förstner & Miiller 1974 , Förstner 1980 , Förstner & Whittmann 1981 , Bryan 1984 Moore & Ramamoorthy 1984 , Salomons & Förstner 1984 . Thus, these are habitats where bioaccumulation and food chain transfer of metals can be expected to be of significance, with metal accumulation in shore-living birds possibly reaching levels high enough to affect individuals or populations adversely.
Fairly little has been published previously on contaminant exposure and homeostatic concentration of trace metals in coastal birds (Eisler 1981 Ser.35: 1-13, 1987 Although the number of publications on the genus Calidris has increased considerably during recent decades (Blomqvist 1985) , documentation of trace element levels in these birds is still scanty. Earlier studies in England and Denmark considered only one (Parslow 1973 , Clausen et al. 1985) or a few heavy metals (Ward 1979 , Evans & Moon 1981 , NERC 1983 . In a study from Texas, United States, heavy metals and selenium were determined either in livers or in kidneys of unaged birds in one season (White et al. 1980) . Concentrations and linear correlations of some elements in certain tissues and glands have previously been reported from birds collected in the Netherlands and Sweden (Goede 1985 , Goede & de Bruin 1985a b, Goede & de Voogt 1985) . However, these studies were mainly focused on feathers as indicators of trace element exposure (see also Goede & de Bruin 1984) . In view of this paucity of data, we have determined concenhations of 10 metals in the liver and kidneys of 2 Calidris species collected at a staging area in the Baltic Sea. Flint et aI. 1984 , Greenwood 1986 Observatory (56' 12'N, 16' 24'E) , situated on the southernmost point of the Swedish island of öland, in the Baltic Sea (Fig. 1) . In autumn, large numbers of migrant birds, mainly from the northeast (i.e. Finland and the USSR), cross this area (Svärdson 1953 , Edelstam 1972 , Prater 1980 , Liljefors et al. 1985 .
The species. Except for winter area selection and first-year summering habits, -{he 2 species are rather similar. Their different agei! groups tend to pass Ottenby at the same time in the autumn (Edelstam L972 Greenwood 1984 , Symonds & Langslow 1984 . Some dunlins already return to northern areas in their first year, but the majority probably do not start breeding until they are 2 yr old (i.e. in their third calendar year) (Soikkeli 1967 (Soikkeli , 1970 Wilson et al. 1980 , Fournier & Dick 1981 . It has been suggested that the spring migration of the West African curlew sandpipers traces a more easterly route (Norrevang 1959 , Stanley & Minton 1972 , Elliott et al. 1976 , Wilson et al. 1980 , i.e. a route following a great circle back to their breeding grounds (Grimes 1974) . Large concentrations of curlew sandpiper also occur in coastal areas of Namibia and South Africa (Summers et al. 1977 , Whitelaw et al. 1978 , Ryan & Cooper 1985 . These birds probably do not follow the East Atlantic Flyway, but take a more continental eastern route (Elliott et al. 1976 , Wilson et at. 1980) . Curlew sandpipers spend their first year in the south (Elliott et al. 1976) , and in this respect they differ from dunlins, where at least some first-year birds go north in summer.
Collection. The autumn-migrating birds in this study were caught in cage-traps (Bub 197t, p. 20t) , when staging on the banks of decaying, stranded seaweed fringing the shores at Ottenby. According to the colour of plumage, the degree of feather wear, and the moult stage, they were aged into 3 classes: juveniles (0.1 yr old), first-year birds (second calendar year birds, i.e. 1.1yr) and adults (older than first-year birds) (terminology following Mead 1985, p.6) . Age criteria used were those given by Prater et al. (1977) . The mean lifespan of a fledged dunlin has been estimated as 5.3 yr (Soikkeli 1970 Rohlf (1981) . Ages of all birds are converted to decimals. Avian nomenclature follows Voous (1973) .
RESULTS AND DISCUSSION

General
Concentrations of 9 metals determined in the liver and kidney tissues of the different age classes of dunlins and curlew sandpipers are summarized in Table 2 .
Vanadium has been excluded from this Hamanaka et al. 1982 , Maedgen et aI. 1982 , Rona.ld et al. 1984 , Elinder 1985 .
Overall, the cadmium concentrations in the kidney versus the liver tissues of dunlin or curlew sandpiper is strongly, linearly correlated (Fig.2) . The regression (Kjellström 1979 , Elinder 1985 ; recalculated by us to whole kidney concentration according to Svartengren et aL 1986 
